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I INTRODUCTION
The beams described in this report constitute the third
series of tests intended to provide additional information on the
bonding characteristics of seven wire 7/1.6 in. strands.
Four beams each containing two seven wire 7/16 in. strands
were tested. Two beams had the strands positioned horizontally
and two had the strands oriented ver-tically, the same effective
depth being maintained for all beams. The influence of the arrange-
ment of strands upon the anchorage length and g~neral behavior of
the beams was studied. The cylinder strength at release was
designed to be 4000 psi. The beams were tested statically with
center-point and third-point loading.
The beams are designated as follaws; the first number
indicates the serieso The letter A signifies center-point loading
and letter B, third-point loading. Roman. numberal I desi.gnates
beams with strands positi.oned horizontally, and II those having.
strands placed one above the other,
All curves are plotted using the actual test data. No
theoretical curves are presented 0
The strands were stress relieved 1/16 in. nominal dia-
meter (area = .1089 sq. inches) and were supplied by John
A. RoeblingBs Sons Corporation.
..
...
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II DESIGN AND DESCRIPTION OF BEAMS
A, Concrete Mixes
The mix, constant for all the beams; contained 5.7
sacks of "high-early" strength cement per cubic year, and 7
gallons of water to the sack with adjustments for the moisture
content of the aggregates.
The percentage of aggregates, proportioned from the
Fuller and EMPA curves, was 40 per cent sand having a
Fineness Modulus of 2.5 and 60 per cent coarse aggregate
(1/2 in. maximum size) having a Fineness Modulus of 5.7.
B. Concrete Properties
1. Compressive Strengths
'(a) Re.lease
The average of 4 cylinders taken from the batches
which covered the strands was 4300 psi for Group I and 4670 psi
for Group II. Group I was released 9 days after pouring;
Group II, 14 days.
(b) Test
Cylinders for Group I, tested 23 days after pouring,
averaged 4780 psi; those for Group II averaged 6150 at 42 days .
All cylinders were cured under the same atmospheric condition
as the beams and were tested in a hydraulic machine at a constant
rate of loqd,
••
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2. Modulus of Rupture
One 6 in. by 6 in. by 36 inw specimen was cast for
each beam and was allowed to cure under the same atmospheric
conditions. They were loaded in an American Beam Tester
having a span of 18 inches with third-point loading. The
average modulus of rupture obtained from two fractures in each
beam is used in the computations for cracking load. These
values in pounds per square inch, are 785, 800, 635, 610, for
beams 3-A-I, 3-B-I, 3-A-II, and 3-B-II, respectively.
3. Modulus of Elasticity
Two cylinders for each series .of beams were instrumented
with two SR-4 gages (6 in. gage lengt,h) mounted diametrically
opposite each other at the center. Each cylinder was
continuously loaded up to approximately 40 per cent of
ultimate with readings being taken in 5000 lb. increments.
The load was released, after which tbe cylinder was re-loaded
in 10,000 lb. increments up to the previous load and in
5000 lb. increments from there to ultimate. The Secant
Modulus at 40 per cent of ultimate and the Initial Tangent
Modulus were determined.
C. Description of Beams
The beams were cast 6 in. wide, 12 in. deep an? 12 ft.
long. Group I contained two strands with centers 2-1/2 in .
from the bottom and symmetrically spaced on 2 in. centers with
"-4
2 in. of cover. Group II contained two strands in a vertical
plane through the center of the beam; the lower being 1-3/4 in.
from the bottom, and the upper being 3-1/4 in. from the
bottom of the beam resulting in an effective depth of 9-1/2 in .
. to the center of gravity of the strands, the same as for
Group I.
The beams were t~sted on roller. supports at 11 ft. 6 in.
centers with either center-point or third~point loading with
a 3 in. overhang beyond the supports.
D. Design Stresses Based on BPR Criteria
In Table I are shown the measured initial prestress
force and the final effective prestress force which was
calculated by the method of the BPR Criteria. Corresponding
concrete stresses are presented in Table II
Table I - Prestress Forces
Measured % of Calculated .% of % of
Beam Initial Total Ult. Total Tension Ult. Loss
Strand Tension After Losses
3-A-I 37,000 lbs. 68.5 30,960 57.3 16.3
3-B-I 33,700 62.4 27,830 51.6 17.4
3-A-II 40,000 74 33,470 62.0 16.3
3-B-II 38,050 70.5 31,200 57.8 H~
".<.~.:. ,. 't:;>-.-.
..
Table II - Computed Concrete Stresses
At Release % of f 8 • After % of f'c~ Losses ci
Age at Beam f'. f bot f top f b f t f b f t f b f tRelease c~
9 3-A-I 4300 1310 282 30.5 6.5 1082 218 25.2 5.1
9 3-B-I 4300 1,300 278 30.2 6.5 1057 213 24~5 5.0
14 3-A-II 4670 1425 315 ·30.5 6.7 1175 245 25.2 5.3
14 3-B-II 4670 1560 350 3-3.4 7.5 1244 265 26.6 5.7
The design load for the section is obtained from the
computed (BPR) ultimate load minus the dead load moment
divided by the safety factor of 3. This results in 4,320 tbs.
for the center-point and 3,230 lbs. for the third-point loads.
This is different from system used in previous reports wherein
the load to cause zero stresses at bottom fiber was taken as
design load.
III TESTING PROCEDURE
A. Jacking
10 Instrumentation
The instrumentation consisted of 4 external pipe
dynamometers which were mounted on the strands between the
sliding crosspiece and a strandvise grip. Two 35-ton
mechanical jacks were mounted between the fixed crosspiece
and the sliding crosspiece. (Fig. 1)
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The dynamometers had two SR-4 Gages (A-ll) mounted
longitudinally and connected in series. Before being used
they were calibrated in a testing machine within their normal
load range in increments of 1000 lbs,., being rotated 90
degrees for each of several sets of values.
2, Procedure
The strands were tensioned individually by means
of a hydraulic jack to a load of aboat 2000 lbs. The mechanical
jacks were then used to strain all four strands simultaneously
to predetermined readings on the SR-4 indicator.
B. Release
1. Instrumentation
Beams 3-B-I and 3-B-II had SR-4 gages (6 in. gage length)
attached to the sides at the level of the centroid of the steel.
The gages were spaced 8 in. on centers for a distance of 4 ft.
from the ends, and were staggered on opposite sides so that strain
readings could be obtained for every 4 in. from the end. Beams
3'-B-I, 3-A-II and 3-B-II had gages mounted horizontally on the
sides at the center spaced vertically from the top 2 in., 4 in.,
6 in., 9-1/2 in. In addition, Beams 3-B-I and 3-B-II had two
gages on the top. (Figs. 2, 3 & 4)
Five Ames Dials (.001 in.) were mounted on each beam
to measure the camber during and after release. They were
spaq~d 27 in., 48 in., and 72 in. from each end. (Fig. 2)
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Eacfr strand of the beams of Group I had a bracket with
two Ames Dials attached at each end to record slip. Due to
the arrangement of the strands in Series Four it was only possible
to mount brackets on one strand at each end. (Fig. 2)
2. Procedure
The prestress force was released in eight steps.
Slip and camber readings were taken at each step. Strain read-
ings along the anchorage length were taken at each step for
Group II. Otherwise, readings were taken for every second
increment of load.
C. Static Tests
1. Instrumentation
Readings were taken on all SR-4 gages. Center-
point deflection was recorded by means of an Ames Dial. Brackets
were mounted on both strands at each end fo~ Group I and on
each end of one strand for Group II to record slip. (Fig. 3)
2. Procedure
The load was applied in 500 lb. increments to slightly
over cracking load, then removed. The second cycle was applied
in 1000 lb. increments to the previous load and in 500 lb.
increments thereafter to the ultimate.
•IV RESULTS OF TESTS
A. Release
1. Anchorage Length
Figs. 5 to 8 inclusive, show the average strain readings
taken on the SR-4 gages which had been mounted on either side
of the beam. An attempt was made to obtain the change over a
period of time after release. It can be seen that the anchor-
age length remains constant for the period of time that these
readings were taken. A slight difference in anchorage length
appears between the two groups of beams. Note in Fig. 7 that
the anchorage length remains const~ntofor five increments during
release.
2. Slip
Figs. 9 and 10 show the slip in the strands as the
prestress force was gradually released. The average values
for each end are plotted against the percentage of force
released. The 100% value is not reported because the strands
sag after full release and reliable readings are not obtainable.
3. Concrete Strains
Figs. 11 and 12 show the strain readings during
release of prestress.
04. Camber
The camber of Group I is shown in Figs. 13 and 14
during the stages of release and after release. The
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camber for Group II beams is similar. Fig 0 15 shows the
camber at the centerline for all four beams during and
after release. The curves clearly show a decrease in the
time-rate-of-change of camber with time.
B. Static Tests
1. Strains
Figs. 16, 17 and 18 show the strain readings at the
midspan of the beam plotted for the external loads up to
the observed cracking load.
20 Load Deflection Curves
The load deflection curves for 3-A-I and 3-A-II are
compared in Fig. 19 and those Beams 3-B-I and 3-B-2 in
Fig. 20.
3. Slip
There was no slip at ultimate load for any of the beams.
4. Crack Pattern
Fig. 4 shows the crack pattern developed in the beams.
V COMPARISON OF TEST RESULTS WITH. SPECIFICATIONS
A. Cracking Load
Table III - Computed and Observed Cracking Loads
Observed Computed Observed
Beam Cracking Cracking Computed
Load Load
3-A-I 7500 lb. 7.780 lb. .96
3-B-I 9500 11.260 .86
3-A-.II 8500 7.560 1.12
3-B-II 9500 10.340 .92
In Table III the loads producing modulus of rupture
stress at the bottom fiber as calculated on the basis of the
effective prestress determined by the BPR Criteria are compared
with the observed cracking loads.
B. Ultimate Load
Table IV Computed and Observed Ultimate Loads
Beam Ultimate Moment Experimental Exper.
By BPR Criteria Ultimate Moment BPR
"
3-A-l-ll 38,500 ft. lbs. 42,700 ft. lbs. 1.11
3-B-l-ll 38,500 33,050 .86
4-A-3-l 38,500 44,300 1.15
4-B-3-l 38,500 38,250 .994
Table IV compares the total ultimate moments produced
by dead plus live loads as computed from the BPR Criteri.a
for 4000 p.s.i. concrete with the experimental moment.
All beams failed by crushing of the concrete in the top
fibers.
The low ultimate capacity of Beams 3=B-I and 3-B-II is
attributed to the failure of load dynamometers which interrupt-
ed the strands at the center-lines of these beams. The
dynamometers consisted of two threaded strand-vises screwed into
a pipe sleeve. SR-4 gages mounted on the sleeve were designed
to measure strand force, but did not produce reliable data.
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The premature failure of Beam 3-B-I, which contained
one dynamomet.er resulted from excessi.ve yielding of the pipe
I
section, and that. of 3-B-II, which c~ntained two of t.he devices,
occurred when the gripping chucks pulled out of the dynamometer.
C. Modulus of Elastici:!:l
Table V ,- Values of E by Various Methods
c
Modulus of Elasticity in p.s.i. x 10-6
Beam Cylinder Deflection StrainsSecant. Tangent Top Bottom
- ,
3-A-I 3.33 3.7 4.52 - -
3-B-I 3.7 3.86 4.54 4.18 4.10
3-A-II 3.4 3.95 4.65 5.08 4.53
3-B-II 3.63 3,7 4.98 4.39 5.5
Table V compares the values of t.he modulus of elasticity
during t.est. obt.ained by four met.hods. The first two columns
show the Secant and Tangent. moduli obtained from cylinders.
The third column is the average value of the moduli using
t.he values of the deflect.ions obtained up to cracking load.
The fourth column is obt.ained using the styain gage
read.ings, on top fibers for Beams 3-13 and 4-B and 2 in.
from the top from Beam 4-A, together with the stresses
obtained from the 'external moments up to cracking load.
The fifth column is similar but is for the lower fibers at
the center of gravit.y of the steel.
VI SUMMARY
A. Bond
The maximum anchorage length over the period of time
fol~owing release during which readings were taken was 24 in.
for Beams 3-B-I and. 32 in~ for 3-B--II. During test, the load
points for these beams were. 46 in. from the supports and 49 in.
from the ends of the beams. The cracks in all the beams were
evenly distributed along the length of the beam. (Fig. 4)
After removal of the ultimate load, all of the cracks,
except failure crack, closed up tightly and were hardly
detectable with the naked eye. The failure crack in Bea~
3-A-I (Fig. 4) formed 44 in. from the end without any
slip taking place. From the above oaservations, it is seen
that the behavior of the beams indicate satisfactory
bonding of the strands.
B. Steel Percentage
The beams tested in this report contain exactly the
same percentage of steel, based on the_gross cross section,
as the beams tested in Progress Report No. 11 by A. Smislova.
In that report, slipping of the strands did occur whereas
slip did not occur for the tests being reported. Therefore,
it is evident that the percentage of steel should not be
the only criteria for the design of a cross section. The
-12
••
distribution of steel in the cross section, the spacing of
strand, and the stress intensity at the level of the
strands should be considered as important factors affecting
the behavior of the strands.
c. Strand Arrangement
The influence of strand arrangement is only evident
in the difference of ~he anchQfage lengths of the two series.
Other differences, such as camber and deflection, are probably
dependent upon the amount of prestress force and concrete
strengths .
-13
Fig. 1 - Jacking Arrangement
Fig. 2 - Release
-14
Fig. 3 - Static Test
-15
3- A-I.
3-B-1I.
Fig. 4 - Crack Pattern I
.......
0'
..
300
"
6448o
1 Hr. After e1ease
Fully
Cl)
..r::
4J 200c
0
~
r-I
r-I
~
x:
c
72 •9% Re1eas d~
Cl)
c
~
Cll
1-1
4J
til
Gl 1004J
Gl 48.2% Re1eas d1-1
0
C
0
u
24.5% Re1eas d
Distance From End Of Beam In Inches
Fig. 5 - Anchorage Length During Release (3-B-I)
() De otes Number of Days After Release
'.
400
II)
..c::
.u
c:
0
..-I
r-l
r-l
..-I
~
c:
..-I
c:
..-I
III
I-l
.u
tI) 200
Ql
.u
Gl
I-l
u
c:
0
u
o 16
24"
32 48
At Release 0
64
•
Distance From End of Beam in Inches
Fig. 6 - Anchorage Length After Release (3-B-I) I
t-'
00
'.
Fully Release
84.3% Release
71.5% Released
60:4% Released
47.9% ReleasedAnchorage Len h 28'
80 ~-I/hZ/_____.7....==-===F===;====~;:=F======~-+-~-.-9*--Rel-ea5EJ_-----
Anchorage Length 20'
t---llH+--f------+---..l
2401---------+-,-/---------1----------+--------+--------
til
..c:
w
f::
o
.,-l
r-l
r-l
.,-l
::<: 160 ~======+:;t=;-;r:.+====~l=___=t-------_l_------__t-------
f::
.,-l
f::
.,-l
ell
I-l
w
tf)
Ql
W
QJ
I-l
CJ
t::
o
U
--t--......:.....------r--------~-- 24.6% Released
o 16 32 48 64
Distance From End Of Beam In Inches
Fig. 7 - Anchorage Length During Release (3-B-II)
I
t-'
\0
'.
.. • .,
I
th 32"
6448
(3)
(2)
(1)
At Release (0)
( ) Denotes Num er of Days After Re ease
3216o
400
600 1---------+----f-----=7"-OO;;::--+--~--------,:;(l~O~)r---------+---
til
..c::
~
t:
o
•..-1
...-I
...-I
•..-1
::<:
t:
•..-1
t:
•..-1
ell
""'
~
(/)
Q)
~
Q)
H
o
t:
o
u 200 f--III---J'-I-I--_,.Lc--j---------+---------+--------+-----
Distance From End of Beam in Inches
Fig. 8 - Anchorage Length After Release (3-B-II)
I
N
o
•.060
80604020
----=-~-­-~
o
Anchor End
III .040Q) ;'
.J::
Beam 3-A-1 /0 ;'c:
1-1 ;' /1c: B~am 3-B-1 /../ Jacki g End...I
Po
...I
..-l
CI]
"0
c:
tlI
~
~
.020CI]
Percentage of Prestress Force Released
Fig. 9 - Strand Slip (Group I)
I
N
t-'
c; •
•060..- +- -+- --+ -+ _
Anchor End
60
III .040
".cu
c::
H
c::
or!
lJ<
or!
.-l
en
'til
~
~
.u
.020en
o 20
Beam
./
'"
'"./
./
/'
/'
'" '"
./ ./
./ ""
'" ""/' ""
./ ./
./
./
40
,-
./
./
3-A-II ./\zj~~ing End./ J ---./ --
./
,-
./
./
80
Jacking End
Percentage of Prestress Force Released
Fig. 10 - Strand Slip (Group II) IN
N
'" ..
CIl
Q) 2
..c:
0
c:
H
c:
..-l
~ 4Q)
l:Q
Il-l
·0
go
~
8 6
0
I-l
~
CIl
Q)
bO
III
Cl
Il-l
0
c:
0
..-l 9-1/2~ 10..-l
.CIl
0p.,
Tension o Compression 200 400 600
Strain in Millionths
F~. 11 - Strains at Midspan During and After Release (3-A-II)
I
N
~
to
CIl 2
..c:
0
c:
I-l
c:
..-l
8 4ttlCIl
I:£l
II-!
0
Q.
0
E-<
8 6
0
~
~
to
CIl
bO
ttl
t'
II-!
0
c:
0
..-l 9-1/2~
..-l
to
0
Po<
Tension o Compression
•
200
..
To of Beam
400 600
• ...
Strain in Millionths
Fig. 12 - Strains at Midspan During and After Release (3-B-II)
(1 It
.120 t---~----t-----f-:;~--;---+---~--+------t------1
Deno es Number of
Days After Release
.080
III
CIl
.c
0
c
H
C
oM
l-I
CIl
..c
e
tll
u
.040
•
21Jacking End 27 21 24 24 27
position of Dials Along Length of Beam in Inches
Fig. 13 - Camber During and After Release (3-A-I)
, .. ..
( ) Den tes Number of
Day After Releas
•
Jacking End ~_=.27=----__~_--..!2~1_--+-_---6.::t.-_-i_----'~__oI--_""'_--t__........L...-_"'"
Position of Dials Along Length of Beam in Inches
Fig. 14 - Camber During and After Release (3-B-I)
,j .. • •
Beam 3-B-II
280
3-B-r
-----
- --
---
After Release
200
.124--------4.,c:::::.:::;;~.....:::..::...+=-=--_==:::::=~=-----==4========----
II)
Q)
.c
~
H
~
~
Q)
.0a.06d-----/.!-J-I.~-----+----'-----+_-----_I------+------
u
Fig. 15 - Camber at Centerline During and After Release
I
N
-..J
..
To of Beam
l/)
Q) 2
..c:
u
C
t-I
C
..-l
8
C1l 4Q)
I:Q
~
0
p..
0
Eo! 6
8
0
I-l
~
l/)
Q)
bll
C1l
Cl
~
0
c 9-1/20 9 7 5 3 1..-l~
'.,-l
l/)
0
Po.
Total Applied Load in
1 3 5 9
400 Tension 200 o 200 Compression 400
Strain in Millionths
Fig. 16 - Strains at Midspan During Loading (3-B-I)
•N
00
••
..
400 Tension 200 o
Strain in Millionths
200 Compression 400
Fig. 17 - Strains at Midspan During Loading (3-A-II) I
N
\0
Top of Beam
II)
Q) 2
..c:
u
c::
H
c::
""e 4CdQ)
l:Q
4-l
0
P-
o
E-< 6
e
0
~
~
II)
Q)
bO
Cd
C
4-l
0
c::
0
"" 9-1/24J 8 2
""II)0p..
2
•
Test Applied Load in
4 6 10
160 Tension o Compression 160 320 480
Strain in Millionths
Fig. 18 - Strains at Midspan During Loading (3-B-11) IW
o
o
"J •
---
---.
---
---
1.0.8.6.4
Beam 3-A-II
.2
.......
.....
.....
I
«
....... I
.....
C")
I ......
I
C")
......
'tI
<II
0
~
bO
c:
..-f
~
0
<II
H
U
4
8
o
12
Deflection in Inches
Fig. 19 - Load:Oeflection Curves (Centerpoint Loading) I.I".)t-"
1.0
--
--
--
--
.8
--
--
--
--
.6
--
--
--
----
.4.2
.......
H
I
IX!
I
C""I
'-"
o
18
Beam 3-B-I
! \---
bO -J:: "",--o ~ "",
Po ~ ,,-~ 12 1--~l-~<lIl------+--:=4---~-~=---""';~91----------+-~-------+-----------.j
J::
~
"d
<lI
o
~
"d
Q)
~
..-I
Po
~
..-I
~ 6 t------nH--I-'------t----------t----------t----------f----------l
o
Eo-<
Deflection in Inches
Fig. 20- Load-Deflection Curves (Third Point Loading)
I
Vol
N
